Many studies have suggested an association between F ‫؍‬ 5.3, P Ͻ 0.05). In women, fasting insulins were unrelated to BP, but fasting plasma glucose and triglyceride blood pressure (BP) and both insulinaemia and haematocrit values in Western populations. However, relatively concentrations and age were associated with SBP (␤ ‫؍‬ 0.29, F ‫؍‬ 15.5, P Ͻ 0.001, ␤ ‫؍‬ 0.27, F ‫؍‬ 14.3, few data regarding such associations for the Japanese population are available. We investigated the relation-P Ͻ 0.001, and ␤ ‫؍‬ 0.2, F ‫؍‬ 7.8, P Ͻ 0.01, respectively), and haematocrit, fasting plasma glucose concentration ship between BP and various parameters, including insulin and haematocrit, in 269 healthy Japanese indiand age were associated with DBP (␤ ‫؍‬ 0.29, F ‫؍‬ 14, P Ͻ 0.001, ␤ ‫؍‬ 0.2, F ‫؍‬ 6.9, P Ͻ 0.01 and ␤ ‫؍‬ 0.2, F ‫؍‬ 6.3, viduals (113 men and 156 women) over 60 years of age. The data were analysed by stepwise multiple regression P Ͻ 0.05, respectively). These results suggest that the insulin-BP associations in healthy Japanese subjects analysis. In men, the most important determinant of systolic BP (SBP) and diastolic BP (DBP) was the plasma over 60 years of age differ according to sex, and that haematocrit is an important determinant of DBP in both insulin concentration (␤ ‫؍‬ 0.32, F ‫؍‬ 12.4, P Ͻ 0.001 and ␤ ‫؍‬ 0.32, F ‫؍‬ 13, P Ͻ 0.001, respectively), and haematosexes in our population. crit was found to be associated with DBP (␤ ‫؍‬ 0.21,
Introduction
also been shown in Western populations, 18, 19 but While several epidemiological and clinical studies such an association in Japanese subjects has thus far have reported a correlation between blood pressure attracted little interest. (BP) and serum insulin levels, [1] [2] [3] [4] contradictory In this study, we investigated the relationship results have also been published. 5, 6 There are sevbetween BP and insulin, haematocrit, and other eral possible explanations for the conflicting findmetabolic and physiologic parameters, separately by ings in these studies. First, the relationship between gender, in healthy Japanese individuals. The aim insulin levels and BP is influenced by several conwas to determine whether evidence for the insulinfounders. Body mass index (BMI) is an important BP or haematocrit-BP associations would still be confounder, and the association between insulin present after adjusting for other confounding factors, concentrations and BP may be due to common and whether this association was modified by sex in associations with BMI. 7, 8 Other potential confounelderly Japanese. ders are sex and age. In general, the association between insulinaemia and BP is weaker in
Subjects and methods
females, [8] [9] [10] and it has been shown to be stronger in younger subjects.
11 Also, the relationship may differ Study design and subjects according to racial groups. 12 Nevertheless, despite All subjects studied were recruited from a health the many studies in Western populations, only a few screening programme for elderly residents of studies have investigated such associations in a Nerima, Tokyo, Japan. We studied 269 consecutive Japanese population. 11, [13] [14] [15] [16] [17] Furthermore, the results healthy Japanese individuals (113 men and 156 for men were inconsistent, and less information was women) over 60 years of age who met the following available on women. The results of the univariate association between BP and 1 kg was subtracted from the measured value.
and risk factors are shown in Table 2 . Several differ-BMI was calculated by dividing weight (kg) by ences between correlation coefficients for men and height squared (m 2 ). BP was measured once with an women were observed. In men, BMI and insulin automated sphygmomanometer (Colin Corporation, were correlated with both SBP (r = 0.19, P Ͻ 0.05 Tokyo, Japan), in the sitting position after a 5-min and r = 0.32, P Ͻ 0.001, respectively) and DBP rest. The values were calibrated against those meas-(r = 0.27, P Ͻ 0.01 and r = 0.38, P Ͻ 0.001, ured with a standard mercury sphygmomanometer respectively). Triglyceride, ␥-GTP, haematocrit and and correlated well with each other.
uric acid were correlated with DBP (r = 0.25, P Ͻ 0.01, r = 0.19, P Ͻ 0.05, r = 0.3, P Ͻ 0.01 and Laboratory methods r = 0.2, P Ͻ 0.05, respectively). In women, BMI, triglyceride and fasting plasma glucose were correlated Fasting venous blood samples were obtained to with both SBP (r = 0.23, P Ͻ 0.01, r = 0.26, P Ͻ 0.001 determine immunoreactive insulin, blood glucose, and r = 0.29, P Ͻ 0.001, respectively) and DBP haematocrit, total cholesterol, triglyceride, high-(r = 0.21, P Ͻ 0.01, r = 0.16, P Ͻ 0.05 and r = 0.24, density lipoprotein cholesterol (HDL-C), glutamic P Ͻ 0.01, respectively). Age, insulin, HDL-C and pyruvic transpeptidase (GPT), gamma-glutamyl uric acid were correlated with SBP (r = 0.24, transpeptidase (␥-GTP), uric acid, and creatinine. P Ͻ 0.01, r = 0.18, P Ͻ 0.05, r = −0.16, P Ͻ 0.05 and Insulin and haemoglobin A1c were determined with r = 0.19, P Ͻ 0.05, respectively). Haematocrit was enzyme immunoassay kits (Abbott Diagnostics, IL, correlated with DBP (r = 0.26, P Ͻ 0.01). USA). Blood glucose was measured with a glucose analyser by the glucose oxidase method. Total cholesterol, triglyceride, HDL-C, GPT, ␥-GTP, uric acid,
Stepwise regression analysis and creatinine were determined by enzymatic
Stepwise regression analysis was used to identify methods using the biochemical analyser, TBA-80FR the association of BP with the variables separately (Toshiba, Tokyo, Japan).
by gender (Table 3) . Independent variables consisted of all parameters in Table 1 . In men, the most Statistical analyses important determinant of SBP and DBP was the plasma insulin concentration (␤ = 0.32, F = 12.4, Statistical analyses were performed with SAS P Ͻ 0.001 and ␤ = 0.32, F = 13, P Ͻ 0.001, software (SAS Institute Inc, Cary, NC, USA). Values respectively), and haematocrit was found to be assoare expressed as means ± s.d. Mean values in men ciated with DBP (␤ = 0.21, F = 5.3, P Ͻ 0.05). In and women were compared by using the unpaired women, fasting insulin was unrelated to BP. Fasting Student's t-test or by the Mann-Whitney U-test plasma glucose, triglyceride, and age were associawhen the variables were skewed from normality ted with SBP (␤ = 0.29, F = 15.5, P Ͻ 0.001, ␤ = 0.27, (fasting insulin, triglyceride, ␥-GTP, and GPT were F = 14.3, P Ͻ 0.001 and ␤ = 0.2, F = 7.8, P Ͻ 0.01, slightly skewed.) Univariate analysis of the associrespectively). Haematocrit, fasting plasma glucose ations between BP and each potential risk factor was and age were associated with DBP (␤ = 0.29, F = 14, performed separately by gender. Multiple stepwise P Ͻ 0.001, ␤ = 0.2, F = 6.9, P Ͻ 0.01 and ␤ = 0.2, linear regression analysis was used to investigate the F = 6.3, P Ͻ 0.05, respectively). associations between BP and other variables. Logarithmic transformation of the skewed variables did not improve the fit of the regression models, there- studies in Western populations, this relationship the results conflict, and whether sex modifies insulin-BP associations in Japanese remains an area for has not been extensively investigated in the Japanese. As far as we know, six studies have been further research.
Discussion
Another important finding in this study was a published in international journals, 11, [13] [14] [15] [16] [17] four of which investigated both men and women 11, 13, 16, 17 positive association between DBP and haematocrit in both sexes. Although many studies in Caucasians with data for men alone analysed in the remaining two.
14, 15 The results were inconsistent. Significant have evaluated associations between BP and haematocrit, 18, 19, 25 recent Japanese studies did not examine positive correlations were found between fasting insulin level and BP in third-generation Japanesesuch an association. 11, [13] [14] [15] [16] [17] One possible explanation for this association is as follows. Haematocrit is an American men and women around 40 years of age, 11 and in young Japanese men. 15 A close association important determinant of whole blood viscosity, which affects peripheral resistance to blood flow.
18 between BP and serum insulin level was demonstrated in three studies, 13, 16, 17 but insulin was not the To maintain blood flow in the face of increased peripheral resistance, as indicated by higher haematomajor determinant of BP. In contrast, no association was found in middle-aged Japanese men with norcrit levels, BP increases. 35 Since DBP is a more specific measure of overall resistance to blood flow than mal glucose tolerance 14 or among second-generation Japanese-American men and women around 60 SBP, haematocrit should be more strongly related to DBP than to SBP. Another possibility is that the years of age.
11
In the present study, we analysed the association haematocrit levels were associated with signs of increased sympathetic tone, such as higher heart betwen BP and potentially important BP determinants by stepwise regression analysis. All subjects rate, elevated plasma noradrenaline levels, and higher plasma renin activity. 19 were over 60 years old and healthy with respect to the presence or past history of hypertension, diaAlthough several of the factors studied were found to be significantly related to SBP or DBP, they betes mellitus, cerebro vascular disease, and ischaemic heart disease. The population studied explained only part of the total variance in BP. Several potential confounding factors were not analysed was highly selective for healthy subjects but we wanted to investigate the associations between BP in this study. Visceral fat accumulation, reflected by an increased waist-to-hip circumference ratio, may and various factors in subjects whose insulin secretion was unaffected by hyperglycaemia or influence the relationship between insulin and BP through both an insulin-mediated and a non-insulin medication. would all have an independent influence on BP and sumption has been shown to be related to elevations of BP levels 37 and of serum ␥-GTP levels. Hypertenfasting insulin level, and thus these factors were considered confounders and included in the analysion in alcohol drinkers may at least be partly related to the hyperinsulinaemia associated with the ses. Age, BMI, BP, fasting serum insulin levels, triglyceride, and GPT were similar in both sexes. Uric progression of hepatic steatosis as reflected by elevation of serum ␥-GTP levels, and the pressor effect acid, creatinine, haematocrit, ␥-GTP, and fasting plasma glucose were higher in men, as expected.
of alcohol itself may be small. 38 As ␥-GTP was included in our analysis, alcohol consumption data Total cholesterol was lower in men over 60 years of age. Although cholesterol concentrations tended to may have little effect on our analysis.
In conclusion, our results support an association increase with age in both sexes, they increased significantly in women around menopause. 29 between BP and fasting insulin in elderly men but not women. Haematocrit was associated with DBP One important finding of this study was a positive association between BP and insulinaemia in men, in both sexes. Further investigations should consider potential mechanisms for the effects of insulin but not in women. Modification of the insulin-BP association by sex may be explained by the level on BP and its modification by sex, and for the effects of haematocrit. enhanced insulin sensitivity in women at the whole body level. 30 The gender difference in insulin sensitivity appears to be explained by sex steroid levels. 31 and obese women with polycystic General Hospital, especially Dr Shyuhei Iida, for ovary syndrome.
32 Supra-physiological doses of testheir encouragement of our study, and Hidetoshi tosterone induce insulin resistance in male rats. 33 Furuichi for assitance with data input. We also wish Ovariectomy is associated with insulin resistance to express our gratitude to Drs Akira Yamauchi, Shithat can be restored by administration of 17␤-estranya Nakamoto and Yukako Ozawa of the Departdiol alone or in combination with progesterone. 34 ment of Medicine, Keio University, for their helpThe same as in our study, many Western studies 10 ful suggestions. and a recent Japanese study have shown that fasting insulin levels are correlated with SBP indepenReferences dently of age, and with BMI in men. 17 However, two previous studies have indicated that the insulin-BP native-Japanese 13 or Japanese-Americans. 11 Thus,
